Protein Annotation & Advanced Insilico Based Mutation Hotspot Identification in Temperature Sensitive CDPK3 Protein of Oryza sativa

I. Introduction:
Rice being the staple crop of Middle and south India extensive research on the development of rice cultivation is a topic of demand. The current environment of extreme heat or extreme cold is causing a lot of stress on all the plants and crops cultivate. Though plants have their inherent mechanism to tolerate the adverse climatic changes sometimes due to the mutations and damages caused to the genetic makeup of the plats they lack this property of stress tolerance finally resulting in a huge damage to the crop cultivation. Calciumdependent protein kinases (CDPKs) play an important role in rice signal transduction, but the precise role of each individual CDPK is still largely unknown [1] . A study revealed that OsCDPK13 gene expression and protein accumulation were enhanced in response to cold, but suppressed under salt and drought stress which depict the importance of this protein in the cold tolerance of the plant. Several works also inferred that the Overexpression of a single Ca 2+ -dependent protein kinase CDPK confers both cold and salt/drought tolerance on rice plants [2] . One of the research papers also presented the use of CDPK protein insertions and over expressions in Sorghum in order to impart tolerance to cold and freezing so as to expand the acreage for production [3] . CDPK protein super family consists of six types of protein kinases that differ in the regulatory domains they contain [4] .
In view of the importance of the CDPK protein in the crop development and induction of resistant to the plants the current work aims to characterize and annotate the protein using insilico tools and software. The work aims to identify the mutation prone regions present in the CDPK 3 protein sequence of Oryza Sativa.
II.
Materials and Methods:
I. Sequence Retrieval:
The major step in any of the Protein annotation works is to retrieve the Sequence of the protein of interest. The protein sequence is generally taken from the most reliable public data base, the NCBI [5] data base. The Boolean Operator search has been used for specifying the organism and the protein whose sequence is to be retrieved.
II. BLAST Analysis for collection of the related protein sequence:
In order to collect the sequences of the proteins that share sequence similarity to the query protein BLSAT [6] tool has been applied. The BLAST is a local alignment search tool that would show the sequences that share some percentage of similarity. It is available at NCBI.
III. Multiple Sequence Alignment and Phylogenetic Study:
All the sequences collected in the above step are subjected to alignment so as to analyze the sequence conservation and phylogenetic relation present in the collected sequences. CLUSTALW [7] is used to perform the multiple sequence alignment and design the dendrogram showing the evolutionary relation among the sequences. The CLUSTALW tool available at SDSC Biology Workbench.
IV. Conservation Analysis using BOXSHDE:
The similarity among the collected sequences along with the percentage of conservation has been studied using BOXSHDE [8] tool by performing Global alignment of multiple sequences. The BOXSHADE tool is also available at SDSC biology Workbench.
V. Functional Analysis for the identification of Domains using SMART:
To identify the total number of domains (Independent functional units) present in the sequence of CDPK and to identify the positions of these domains on the sequence SMART [9] has been used. The tool will also give the detailed annotation of the domain and other important elements present on the input sequence.
VI. Analysis of the Physico chemical properties of the protein:
To study the inherent properties of the protein that would be necessary for designing the experimental protocol PROTPARAM [10] was used. The tool is available at EXPASY SERVER. The Protparam tool would give an insight to the chemical and physiological properties of the protein
VII. Secondary and Tertiary structure prediction using SOPMA and CPH tools:
To detect the secondary structural confirmations within the protein SOPMA [11] can be used. It would assign the conformational pattern for each residue separately and also summarize to show the total percentage of different confirmations present in the sequence. This data can be used to predict the regions present on the surface and those in the interior of the protein. To get the three dimensional structure of the protein one has to use RCSB Protein Data BANK [12] . However each protein would have a unique identity in PDB which must be known to retrieve the structure of the protein. CPH tool has been employed to get the PDB ID of the study protein. Once the ID is obtained the structure can be downloaded from PDB and visualized using the RASMOL [13] software.
VIII. Prediction of the probable disorder regions present in the query sequence:
To identify the regions of disorder present in the user entered sequence several online tools are available each working on a different algorithm and principle. GLOB PLOT [14] , DISEMBL [15] and RONN [16] were employed to predict the regions of possible disorder. The results of RONN would provide the additional information about the disorder probability for each amino acid residue displayed separately. These results can be summarized to identify the sites on the sequence that have maximum disorder probability.
IX. Analysis of the effect of Substitution mutations on Stability and Functionality of the protein:
Once the mutational hot spots are identified the next step is to check for the effect of all possible substitution mutations on the stability of the protein structure. Also it is necessary to analyze the effect of the same on the functionality and disease occurrence. The I Mutant [17] tool is used for the above purpose. To evaluate the effect of substitution of the functional ability and disease occurrence PolyPhen [18] was used. SIFT was used to evaluate the tolerance of the protein to the possible substitutions.
X. Analysis of the Tolerability of the mutations on the protein structure:
To check the tolerance range of the protein towards the substitutions specified SIFT [19] has been used. The tool enables to check the effect of substitutions on the proteins acceptability range.
III.
Results and Discussion:
I. Sequence Retrieval of CDPK3 from NCBI:
The protein sequence of the query protein CDPK3 from Oryza Sativa has been retrieved from NCBI using Boolean operators to make the search specified. The length of the sequence was found to be 527 amino acids.
II.BLAST for the collection of similar sequences:
Using the BLAST tool a total of 17 sequences of different organism were collected and used for further analysis. All the sequences belong to the common CDPK protein.
III.Phylogenetic analysis using CLUSTALW Dendrogram:
To check the sequence similarity among the selected sequences MSA was performed using CLUSTALW and the phylogenetic tree was constructed. 
Protparam for Physico chemical properties of the protein:
To study the physic chemical properties of the protein PROTPARAM tool has been used which indicates that the protein in 527 amino acids in length with the isoelectric pH being 5.54 and the molecular weight is 58872.0. The protein is unstable with the instability index being 41.4. The hydropathicity of the protein was found to be -0.398 which indicates that the protein is polar and water soluble. 
Tertiary Structure Prediction CPH and Visualization using RASMOL:
To get the 3D structure of the protein CPH tool has been employed and the ID 3SXF has been selected as the best id for the structure of the CDPK protein. The structure has been retrieved from the PDB data base and the visualization has been done in RASMOL software. To identify the disorder regions present in the given sequence GLOBPLOT, DISEMBL and RONN have been used and the common regions are selected. The above figure 7 shows the disorder regions as predicted by the RONN analysis. As per the results of RONN the disordered regions are 1 -77, 127 -127, 308 -357, 383 -429, and 493 -499. Based on the common mutation sites and the highest mutation probability the sites selected are 1-11 amino acids. From the above table it can be explained that from among the amino acids 1-11 the amino acids R7 and P11 are supposed to be exposed on the surface due to their less hydropathicity index. Thus the amino acid R7 is identified as the mutation hotspot for the CDPK3 sequence from Oryza Sativa. Summarization of the effect of substitution mutations to the R7 position on the Stability of the structure:
In the position 7R there are a total of 19 substitution mutations that can be possible and thus the analysis was carried out to detect the effect of these 19 mutations on the Stability of the protein using I Mutant, The results are summarized in the Table 2 . 
IV. Conclusion:
The current work aims to analyze the complete protein sequence and functional parameters of CDPK which is a major protein involved in the stress mechanism and cold tolerance. The study aimed to identify the Disorder regions and the recognition of the mutational hotspot sites on the protein sequence.
The domain regions present within the sequence have been calculated using SMART tool. The work also included the evaluation of phylogenetic relationship among the selected plant species and designing of the Dendrogram for the same. The physicochemical parameters of the sequence were calculated using Protparam. The PDB id that can depict the 3D structure of the protein was found to be 3SXF which was visualized using RASMOL. The major step of the research is to evaluate the effect of the substitution mutation at the hot spot site on the stability, functionality disease occurrence and tolerability of the protein. These parameters were calculated using various insilico tools. The final summary of the work is that the hotspot site located on the CDPK3 sequence of Oryza sativa is R7 position which when substituted with any of the other possible 19 amino acids would result in a decrease in the stability of the protein as shown by I Mutant tool. As per the results of SIFT it can also be inferred that though all the substitutions result in a decrease in the stability of the structure the mutations R7C and R7W are not tolerated whereas the other substitutions may be tolerated. According to the results of PolyPhen 6substitutions among the total 19 were found to cause a possibly damaging effect. These include R7C, R7H, R7M, R7F, R7W, and R7Y whose scores were further evaluated and it was found that 3 of the 6 are having maximum damage than the other substitutions the three maximum damaging substitutions are R7C, R7M, R7W. From the complete analysis it can be clear that the amino acid substitutions of R7C and R7W are found to be damaging with respect to the results of all the three tool I Mutant, PolyPhen and SIFT. Thus the site R7 and the substitutions with C and W are found to be the most damaging mutations that could ultimately affect the cold tolerance of the plants.
